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1 . I, Keisuke Goto, am an originally named inventor of U.S. Patent Application Serial No. 
09/826, 1 79, filed in the United States on April 4, 200 1 , (hereinafter "the U.S. patent 
application) which claims priority to Japanese Patent Application No. 2000-103241, filed 
on April 5, 2000 (hereinafter "the Japanese patent application"). 

2. Prior to April 3, 2000, 1, in collaboration with the other inventor, conceived of the 
invention described and claimed in the Japanese patent application and in the U.S. patent 
application and disclosed the invention to a Japanese patent attorney firm for preparation 
of a specification for a patent application. 

3. Subsequent to the disclosure to the Japanese patent attorney firm but prior to April 3, 
2000, the Japanese patent attorney firm transmitted a draft patent application to me for 
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4. Attached hereto as Exhibit A is a Japanese language facsimile cover sheet reflecting the 
transmission to me of the draft patent application. The dates of this document have been 
redacted. However, all of the redacted dates are prior to April 3, 2000. 

5. Attached hereto as Exhibit B is an English language translation of the facsimile cover 
sheet of Exhibit A. 



6. Attached hereto as Exhibit C is an English language translation of the draft patent 
application transmitted to me with the facsimile cover sheet of Exhibit A. 

7. Exhibit C fully supports all of the features of the invention described and claimed in the 
Japanese patent application and currently claimed in the U.S. patent application. (See, 
for example, pages 3-6 of Exhibit C.) 

8. From the date of transmission of the draft patent application until the filing date of April 
5, 2000, the Japanese patent attorney firm and I worked together diligently on the patent 
application to prepare it for filing with the Japanese Patent Office. 

9. All of the work that is reflected in the Japanese patent application was perfoimed in 
Japan, a WTO country. 

1 0. As indicated by the foregoing statements and the attached Exhibits, there was reasonable 
diligence in working to constructively reduce the invention to practice from a time prior 
to April 3, 2000, until the invention was constructively reduced to practice by filing the 
Japanese patent application on April 5, 2000. 
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11. i hereby declare that all stat&jneats.made herein of my own 'knowledge are true and that-, 
j aU statements made 'on iifonnatica and belief are believed to be true; and further that 
these statements are made with faio wlcdg* that wili&l false statements and the like so 
made are punishable by fine oriiiipnscnmexit, or both, under- Section 100 J -of Title XVII 
of the United States Code and that such. willful false stajements mayjeopsrdize the 
validity of this Application for Patent or any patent issuing thereon. ' 

Respectfully submitted. 
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[Document Name] Specification 
[Title of the invention] 

DDL CIRCUIT, SEMICONDUCTOR DEVICE, DELAYING METHOD IN DLL 
CIRCUIT, AND OPERATION METHOD OF SEMICONDUCTOR DEVICE 

[Scope of Patent to be Claimed] 
[Claim 1] A DDL circuit comprising: 

a variable delay circuit in which a delay time depends on a 
f requency; 

a phase control circuit which controls said delay time of 
said variable delay circuit based on a phase difference between an 
input side signal of said variable delay circuit and an output 
side signal of said variable delay circuit; 

a fixed delay circuit which is connected to an output side 
of said variable delay circuit and in which a delay time does not 
depend on a frequency, wherein said fixed delay circuit includes a 
delay element; and 

a signal line connected to a node between said delay element 
and said variable delay circuit to take out a delayed signal. 
[Claim 2] The DDL circuit according to claim 1, wherein said 
input side signal corresponds to an external clock signal, and 

said output side signal corresponds to an internal clock 
signal . 

[Claim 3] The DDL circuit according to claim 2, wherein said 
internal clock signal includes a first internal clock signal and a 
second internal clock signal, and 

said first internal clock signal is said output side signal, 
and said second internal clock signal is said delayed signal. 
[Claim 4] The DDL circuit according to claim 1, wherein said 
output side signal is an output signal of said fixed delay circuit. 
[Claim 5] The DDL circuit according to claim 1, wherein said 
delay element includes delay element components serially connected 
in multiple stages, and 

said node is between said delay element component in a final 
stage of said delay element components, which component is the 
farthest from said variable delay circuit, and said variable delay 
circuit . 
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[Claim 6] The DDL circuit according to claim 1, wherein said 
delay element includes a plurality of delay element components 
serially connected in a multiple-stage, and 

said node is between said delay element component in a final 
stage, which is the farthest from said variable delay circuit in 
said delay element components, and a delayed element component, 
which is nearer to said variable delay circuit than said delay 
element component of final stage in said plurality of delay 
element component . 

[Claim 7] The DDL circuit according to claim 6, wherein said 
plurality of delay element components are inverters, and said 
delay element component, which is nearer to said variable delay 
circuit than said delay element component of final stage in said 
plurality of delay element components, is an inverter which is 
nearer to said variable delay circuit in even number stage than 
said delay element component of the final stage in said plurality 
of delay element components. 

[Claim 8] The DDL circuit according to claim 1, wherein a delay 
time of said delayed signal is shorter than a half of half cycle 
of said output side signal . 

[Claim 9] The DDL circuit according to claim 1, wherein a cycle of 
said output side signal is shorter than 5 ns and the delay time is 
less than 10% of said cycle. 

[Claim 10] A semiconductor device which is controlled by a DDL 
circuit described in Claim 1, includes a memory circuit, wherein 
said delayed signal is used as an operation signal to operate said 
memory circuit . 

[Claim 11] The semiconductor device according to Claim 10, wherein 
said input side signal is a signal corresponding to an external 
clock signal, 

said output side signal is a signal corresponding to an 
internal clock signal, 

said internal clock signal includes a first internal clock 
signal and a second internal clock signal, 

said first internal clock signal is said output side signal, 
said second internal clock signal is said delayed signal, and 
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said first and second internal clock signals are used as an 
operation signal to operate said memory circuit. 

[Claim 12] The semiconductor device according to Claim 10, wherein 
said delay element includes delay element components connected in 
series in a multiple-stage, and 

said node is between a delay element component of the final 
stage, which is in the farthest from said variable delay circuit 
in said delay element components, and said variable delayed 
circuit . 

[Claim 13] The semiconductor device according to Claim 10, wherein 
said delay element includes delay element components connected in 
series in a multiple-stage, and 

said node is between said delay element component of the 
final stage, which is in the farthest from said variable delay 
circuit in said delay element components, and a delay element 
component, which is nearer to said variable delay circuit than 
said a delay element component of final stage in said plurality of 
delay element component . 

[Claim 14] The semiconductor device according to Claim 10, wherein 
a delay time of said delayed signal is shorter than a half of half 
cycle of said output side signal. 

[Claim 15] The semiconductor device according to Claim 10, wherein 
a cycle of said output side signal is shorter than 5 ns and the 
delay time is less than 10% of said cycle. 

[Claim 16] A delay method in a DDL circuit comprising the steps 
of: 

generating a first delayed signal which depends on a 
frequency of said basic clock signal with delaying control by 
feedback controlling of a phase of basic clock signal; 

generating a second delayed signal which does not depend on 
a frequency of said basic signal from said first delayed signal; 
and 

generating a third delayed signal which does not depend on a 
frequency of said basic signal from said first delayed signal, 

wherein, said third delayed signal is a signal in the 
process of generating said second delayed signal. 



6 



[Claim 17] An operation method of a semiconductor device, which 
control an operation of a semiconductor device by a delay method 
of a DDL circuit described in Claim 16, including a step of 
generating a signal to operate said semiconductor device based on 
said third delayed signal. 

[Claim 18] The operation method of semiconductor device according 
to Claim 17 including a step of switching a read operation and a 
write operation of memory based on said operation signal, wherein 
said switching is carried out during a half cycle of said basic 
clock signal. 
[Detailed Description of the Invention] 

[oooi] 

[Technical Field to which the Invention belongs] 

The present invention relates to a DDL circuit, a 
semiconductor device, a delay method in the DDL circuit, and an 
operation method of the semiconductor device. Especially, the DDL 
circuit, the semiconductor device, the delay method in the DDL 
circuit, and the operation method of the semiconductor device 
which have no malfunction in a circuit operation such as a logic 
operation based on an internal clock signal which does not depend 
on a frequency of an external clock signal to be used. 
[0002] 

[Conventional Technique] 

A synchronization establishment is needed to speed up the 
operation of semiconductor devices. An internal clock signal is 
used for the synchronization. The internal clock signal is 
generated on the basis of an external clock. The phase of the 
internal clock signal generated thus needs to be coincident with 
the phase of the external clock signal or a strict definition of 
the relative phase difference. To coincide the phase, the DDL 
circuit is used. The external clock is delayed by a variable 
delay circuit whose delay time depends on a frequency and is 
variable and is outputted as the internal clock signal. 

The external clock signal and the internal clock signal 
generated thus are compared in phase. Then, the delay time of the 
variable delay circuit is adjusted based on a phase control 
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circuit which carries out a feed back phase control based on the 
difference between the phases. As a result of such feedback, the 
phase of the internal clock signal coincides that of the external 
clock signal . 
[0003] 

Such an internal clock signal is used as an operation signal 
which operates a semiconductor device containing a memory, a logic 
circuit and a CPU. The phase of the internal clock signal, which 
is in phase synchronization with the external clock, is controlled 
to be applied to the object for the clock signal by a fixed delay 
circuit- The delay time of the fixed delay circuit does not 
depend on the frequency. 

A technique of delay control is disclosed in Japanese Laid 
Patent Application (JP-A Heisei 11-261408) and so on. Fig. 6 
shows such a delay control circuit as the well known technique 
which is not applied only to JP Hll-261408. An external clock 
signal Rclk is delayed by a DLL circuit 101 to supply a latch 
circuit 102. The latch circuit 102 is operated in response to 
input of an activate signal 103. A signal 104 outputted from the 
latch circuit 102 is further delayed by a delay circuit 105, which 
is composed of a multiple- stage delay element and whose delay time 
is constant. A signal 106 delayed thus is used in an operational 
section of the semiconductor device (for example; in a memory 
core) . 
[0004] 

The signal 104 is shown in Fig. 2 as the conventional 
example. The internal clock signal outputted from the DLL circuit 
101 is described as internal clock signal (on the way of 
adjustment). The falling edge of the internal clock signal (on 
the way of adjustment) is outputted from the latch circuit 102 as 
the signal 104 shown at the rising edge 107. The signal 104 is 
further delayed by the delay circuit 105 and outputted from the 
delay circuit 105 as the signal 106 having a delayed rising edge 
108. The delay time is indicated as t2. Fig. 3 shows a signal 
104' when the frequency of the external clock signal is lower than 
that shown in Fig. 2. The signal 104 1 is further delayed by the 
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delay circuit 105 and outputted from the delay circuit 105 as a 
signal 106' having a delayed rising edge 108'. The delay time 
dose not depend on the frequency of the internal clock signal and 
is constant. Therefore, the delay time is equal to the delay time 
shown in Fig. 2. The phase of the rising edge 108 1 is earlier by 
the phase difference t3 to the defined phase position. 
[0005] 

As shown in Fig. 7, due to the phase difference t3, a read 
enable signal RE 109 is generated in synchronization with the 
external clock signal Rclk (or the internal clock signal 
synchronized with it) as an early read enable signal RE 109' which 
rises up by t3 in phase difference. For this reason, in response 
to the falling of the latch signal 110, Data A to be ideally 
latched is not latched but Data B is latched. Such malfunction 
tends to be occurred often, as the frequency of clock signal is 
higher . 
[0006] 

Fig. 4 shows another malfunction in the circuit operation. 
A signal 111 shown in the drawing as a conventional example has 
the possibility of malfunction of operation that a WRITE operation 
and a READ operation overlap as shown as the status of a memory 
section (a conventional example). This is because that the 
physical variation is present in each circuit element in the 
manufacturing process so that the signal 111 is out of a 
predetermined phase position backward and forward. 

Fig. 5 shows another malfunction in circuit operation. A 
signal 112 shown in the drawing as a conventional example is 
delayed to have a rising edge as shown by a solid line. A read 
data 113, which is read in the READ operation indicated as the 
status of a memory section (a conventional example), has the 
possibility of malfunction of operation in which the read data 113 
is earlier read by a half cycle than a read data which should be 
read in the read operation. 
[0007] 

As shown in Fig. 8, when a high speed operation of a memory 
is required, in which the write operation and the read operation 
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is switched between a falling edge and a rising edge in a half 
cycle of the internal clock signal 113, it is required that a 
rising edge 115 is made earlier by about 0,15 ns to rise at the 
rising edge 115 in order to start up the READ operation without a 
malfunction, in case of, for example, the half cycle of 1.25 ns . 
The clock signal frequency is changed by the user, and a system 
test by a manufacturer or a user is carried out at a low speed. 
When the above-mentioned phase difference for the earlier 
generation is large, the data is read out too early. Therefore, 
it is desired to achieve the phase delaying (preceding phase) 
slightly but strictly. Also, it is desired to achieve the phase 
delaying slightly and strictly so as to make it possible to change 
a kind of operation in the half cycle. Moreover, the size and 
scale of circuit is desired to be small. 
[0008] 

[Problems the Invention Tries to Solve] 

An object of the present invention is to provide a DDL 
circuit, a semiconductor device, a delay method in the DDL circuit, 
and an operation method of the semiconductor device, in which a 
slightly and strictly preceding phase can be achieved without 
depending on the frequency to be used. 

Another object of the present invention is to provide a DDL 
circuit, a semiconductor device, a delay method in the DDL circuit, 
and an operation method of the semiconductor device, in which the 
size and scale of circuit can be made small. 
[0009] 

[Means for Solving the Problems] 

A means for solving the problems will be described bellow. 
The technical terms in the description have numbers and symbols 
with parentheses " ( ) " . The numbers and symbols correspond to the 
technical term in at least one of the embodiments of the present 
invention, particularly they coincide with the reference numbers 
and symbols for the technical terms described in the drawings of 
the embodiment . 

These numbers and symbols clarify the correspondence between 
the technical article in the Claims and the technical article in 
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the embodiment. These correspondences do not mean that the 
technical articles in the claims are interpreted with the 
limitation to the technical articles in the embodiments. 
[0010] 

A DDL circuit of the present invention comprises : a variable 
delay circuit (5) in which a delay time depends on the a frequency, 
a phase control circuit (7) which controls said delay time of said 
variable delay circuit (5) based on a phase difference between an 
input side signal (4, 22) of the variable delay circuit (5) and an 
output side signal (8, 11, or 21) of the variable delay circuit 5, 
a fixed delay circuit (9) which does not depend on a frequency, 
wherein the variable delay circuit (5) is connected to an output 
side of the variable delay circuit(5), wherein the fixed delay 
circuit (9) includes delay elements (9-1 to 9-3), and a signal 
line connected to a node between said delay element (9-1 to 9-3) 
and said variable delay circuit (5) to take out a delayed signal 
(12). 
[0011] 

The delayed signal (12) outputted from an element (9-1) of 
the middle of the fixed delayed circuit (9) is delayed by a slight 
time from the delayed signal (11) outputted the fixed delayed 
circuit (9). The delay time is remarkably shorter in the phase 
length than a half cycle of the basic clock signal (4). Thus, the 
signal (12) which is slightly delayed in extreme precision is used 
as an internal clock signal as operation signal. 
[0012] 

An input side signal (4) corresponds to an external clock 
signal, and an output side signal (8 or 11) corresponds to an 
internal clock signal as to be used. The internal clock signal 
includes a first internal clock signal (11) and a second internal 
clock signal (12). The first internal clock signal (11) 
corresponds to the above-mentioned output side signal, and the 
second internal clock signal (12) corresponds to the above- 
mentioned delayed signal. In this case, the output side signal 
(11) corresponds to the output signal of the fixed delayed circuit 
(9) . 
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[0013] 

The delayed element includes delay element components (9-1 
to 9-3) serially connected in multiple stages, and the above- 
mentioned node is between a delay element component of a final 
stage (9-3), which is in the farthest from the variable delay 
circuit (5) in the delay element components (9-1 to 9-3), and the 
variable delayed circuit (5). Concretely, such a node is between 
the delay element component of the final stage (9-3), which is in 
the farthest from the variable delay circuit (5) in the delay 
element components (9-1 to 9-3), and the delay element component 
(9-1), which is nearer to the variable delay circuit (5) than the 
a delay element component of final stage (9-3) in the plurality of 
delay element components (9-1 to 9-3). The plurality of delay 
element components (9-1 to 9-3) are preferred to be inverters. 
When the inverter is used as the delay element component (9-1), 
which is nearer to the variable delay circuit ( 5 ) than the delay 
element component of the final stage (9-3) in the plurality of 
delay element component (9-1 to 9-3), is an inverter nearer to the 
variable delay circuit (5) in even number stage (example 2), than 
the delay element component of final stage (9-3). 
[0014] 

It is characterized that the delay time of the delayed 
signal is shorter than a half of half cycle of the output side 
signal (basic clock signal). That is, the delay time of the 
delayed signal (12) is less than 10% of the cycle of the output 
side signal when the cycle is, for example, shorter than 5 ns. 
[0015] 

The semiconductor device of the present invention is 
controlled by such DDL circuit, and includes the memory circuit 
(2). The delayed signal (12) is used as operation signal to 
operate the memory circuit (12). Regarding the output side signal 
(11, 12) and the means for delaying have been already explained. 
Also it has been mentioned above that the delay time of the 
delayed signal (12) is shorter than a half of half cycle of the 
output side signal (11). The delay time of the delayed signal 
(12) is less than 10% of the cycle of the output side signal, and 
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it is slight and extremely precise when the cycle is shorter than 

5 ns . 

[0016] 

A delaying method of DDL circuit of the present invention 
includes steps of generating a first delayed signal which depends 
on a frequency of the basic clock signal (4) with delaying control 
by feedback controlling of a phase of the basic clock signal (4), 
generating a second delayed signal (11) which does not depend on 
the frequency of the basic signal (4) from the first delayed 
signal (8), and generating a third delayed signal (12) which does 
not depend on the frequency of the basic signal (4) from the first 
delayed signal (8). 

The third delayed signal (12) is a signal in the process of 

generating the second delayed signal (11). 

[0017] 

An operation method of semiconductor device of the present 
invention is the method of controlling the operation of 
semiconductor devices by the above-mentioned delaying method of 
the DDL circuit, and includes the step of generating the operating 
signal (15) to operate the semiconductor device by the third 
delayed signal (12). Then, based on the operation signal (15), a 
read operation and a write operation of memory are switched. Such 
switching is carried out precisely and strictly in a half cycle of 
the basic clock signal (4). It is avoidable to confuse the read 
operation and write operation by carrying out switching precisely 
in the half cycle . 
[0018] 

[Embodiments of the Invention] 

A DDL circuit is provided together with a memory section in 
the embodiment of the DDL circuit of the present invention, with 
reference to the drawings. As shown in Fig. 1, a logic circuit 3 
is provided between the DDL circuit 1 and the memory section 2. 
The DDL circuit 1 inputs an external clock signal 4. The well- 
known DDL circuit 1 (note: this portion is amended to "the DDL 
circuit 1 of the present invention" by the inventor) is composed 
of a variable delay circuit 5, a phase comparing circuit 6, a 
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control signal generating circuit 7 and a fixed delay circuit 9. 
A delay time of the variable delay circuit 5 depends on a 
frequency- The external clock signal 4 is supplied to the 
variable delay circuit 5. A delayed clock signal 8 outputted from 
the variable delay circuit 5 is supplied to the fixed delay 
circuit 9 . 
[0019] 

A delay time of the fixed delay circuit 9 does not depend on 
the frequency and is peculiar to physical elements such as 
inverters of the fixed delay circuit 9. The fixed delay circuit 9 
comprises multiple inverters 9-1, 9-2, 9-n connected in 

series (n=3 in the drawing) . The delayed clock signal outputted 
from the fixed delay circuit 9 is supplied to the logic circuit 3 
as a first internal clock signal 11. The delayed clock signal 
outputted from the inverter, which is provided previously for 
stages of even number (in this case, 2 stages) from the inverter 
9-3 at the last stage, i.e., the first inverter 9-1, is supplied 
to the logic circuit 3 as a second internal clock signal. The 
second internal clock signal 12 is preceding by 0.15 ns in phase 
than the first internal clock signal 11. That is, the second 
internal clock signal 12 is outputted from the inverter (in this 
example: inverter 9-1), which is provided before the inverter 
which outputs the first internal clock signal 11 (inverter 9-3 in 
this example) by the stages of even number. 
[0020] 

The logic circuit 3 communicates with the memory section 2 
interactively based on the first internal clock signal 1 and the 
second internal clock signal 12 which are in synchronization with 
an external clock signal 4 and are delayed in phase. The contents 
of the communication are a write data (WD) 13, a read data (RD) 14 
and a control signal 15 which controls the timing of a read 
operation and write operation of these data. An input signal 16, 
such as an instruction signal and a write data, is supplied to the 
logic circuit 3 through an input circuit 17. An output signal 18 
such as a read data signal is outputted via an output circuit 19. 
[0021] 
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The first internal clock signal 11 is supplied to the phase 
comparing circuit 6 as a feedback signal 21. The external clock 
signal 4 is supplied to the phase comparing circuit 6 as a basic 
clock signal 22. The phase comparing circuit 6 compares the phase 
of the feedback signal 21 and that of the basic clock signal 22, 
and outputs the difference between the phases as a detection 
signal. The phase comparing circuit 6 outputs an up signal to the 
phase control circuit 7 when the difference is negative and 
outputs a down signal to the phase control circuit 7 when the 
difference is positive. The phase control circuit 7 outputs a 
control signal 23 based on the up signal and the down signal. The 
variable delay circuit 5 proceeds or delays the phase of the 
delayed clock signal 8 on the basis of the control signal 23 so as 
to determine the delay time of the delayed clock signal 8 to the 
external clock signal 4 . 
[0022] 

The fixed delay circuit has a multiple- stage structure in 
order to get a quantity of delay time. The total delay time of 
the inverters of an n series stages is approximately n * Al when 
the delay time of the inverter at each stage isAL. When the 
delay time L of the inverter of one stage is 0.15 ns/2, the clock 
signal output ted from the inverter 9-1 at the first stage as the 
second internal clock signal 12 , is earlier by about 0.15 ns than 
the first internal clock signal 11 in phase. The respective delay 
times of all the inverters may be different from each other. 
[0023] 

Fig. 2 shows timings of the internal clock signals 11 and 12. 
The phase of the second internal clock signal 12 is earlier by 
about 0.15 ns than that of the first internal clock signal 11. A 
second RE signal 32 generated based on the second internal clock 
signal 12 is earlier by tl in phase than a first RE signal 
generated based on the first internal clock signal 11. Here, the 
tl is about 0.15 ns . This time tl is a peculiar value to the 
inverters 9-2 and 9-3, and it does not depend on the frequency of 
the first and second internal clock signals 11 and 12. Therefore, 
it does not depend on the frequency of the external clock signal 4. 
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In this way, as shown in Fig. 3 # the preceding time is not varied 
even if the frequencies of the first and second internal clock 
signals 11 and 12 are lowered. 
[0024] 

Variation of delay times in the inverters 9-1, **', 9-n in 
the respective stages are considered- Then, the j-th inverter 9-j 
which outputs the second internal clock signal 12 is selected so 
as to the delay time of the second internal clock signal 12 falls 
within an allowable range. Once it is selected, malfunctions in 
the conventional circuit shown in Fig. 4 will no longer occur 
because of the invariability of tl. Also, in the conventional 
circuit in the low speed operation, the malfunction shown in Fig. 
5 that data is outputted before a half cycle will not occur. 
[0025] 

The second internal clock signal 12 is taken out from the 
inverter before the stages of even number to the first internal 
clock signal 11. Therefore, the second internal clock signal 12 
is outputted to have a preceding phase by the delay time of the 
inverters of the even number stages (~tl) even if the frequency is 
varied. Further, because the second internal clock signal 12 is a 
signal taken out from the DDL circuit which has low variation of 
electric power, the variation of the delay time by a VDD and a 
manufacturing process is made less. 
[0026] 

As shown in Fig. 2, the internal clock signal used to 
generate the signal 32 of the present invention, especially the 
edge 35 of the second internal clock signal 12 precedes in time to 
the internal clock signal used to generate the conventional 
equivalent signal 104 , especially the edge 36 of the first 
internal clock signal 11. Therefore, the delay time of the 
present invention is shorter by a half cycle than that of the 
conventional technique, and the numbers of delay elements through 
which signals pass is less. The delay time is hard to be 
influenced on the variation of delay times, which is caused by 
manufacturing process and the like, in accordance with the less 
numbers of the delay element. It should be noted that the load of 
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the internal signal 12 taken out on the way of delay path, which 
dose not depends on the frequency of the DDL circuit, is lower 
than that of the final output of the DDL circuit. 
[0027] 

[Effect of the invention] 

In the DDL circuit, the semiconductor device, the delay 
method in the DDL circuit, and the operation method of the 
semiconductor device of the present invention, a phase preceding 
of the operation signal is carried out without depending on the 
frequency, and the timing of preceding is strictly adjusted. The 
preceding is not influenced by a manufacturing process, and the 
phase difference for the preceding is slight and strict, so that 
the operation early for a half cycle is carried out. The DLL 
circuit of the present invention can help the high speed operation 
of the semiconductor device such as a synchronous type DRAM in 
which the strict timing precision is required, and allow the 
continuous write and read operations. Also, a pre-charge for the 
read operation can be started during the write operation strictly. 

[Brief Description of the drawings] 

[Fig. 1] 

Fig. 1 is a circuit diagram showing the embodiment of the 
DDL circuit of the present invention. 
[Fig. 2] 

Fig. 2 is a timing chart showing the timing of the 
generation signal . 
[Fig. 3] 

Fig. 3 is a timing chart showing another timing of the 
generation signal . 
[Fig. 4] 

Fig. 4 is a timing chart showing further another timing of 
the generation signal. 
[Fig. 5] 

Fig. 5 is a timing chart showing further another timing of 
the generation signal. 
[Fig. 6] 

Fig. 6 is a circuit diagram showing the delay circuit which 
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is well known . 
[Fig. 7] 

Fig. 7 is a timing chart showing the operation by a publicly 
known signal . 
[Fig. 8] 

Fig. 8 is a timing chart showing the slight timing causing a 
malfunction . 

[Description of the Reference Numerals and Symbols] 

4: input side signal 

5 : variable delay circuit 

7: phase control circuit 

8, 11, 21: output side signal side 

8: the first delay signal 

9: fixed delay signal 

9-1 to 9-3: delay inverter 

11,12 delay signals 

11: the first internal clock signal (the second delay signal) 
12: the second internal clock signal (the third delay signal) 
15: operation signal 



18 



[Document Name] Abstract 
[Abstract ] 

[Object] To output a preceding phase signal with a slightly and 
strictly preceding phase without depending on a frequency. 
[Solving Means] A variable delay circuit 5 that a delay time 
depends on a frequency is provided together with a phase control 
circuit 7. The phase control circuit 7 controls the delay time of 
the variable delay circuit 5 by the phase difference of an input 
side signal 4, 22 of the variable delay circuit 5 and an output 
side signal 8, 11, 21. A fixed delay circuit 9 connected to the 
output side of the variable delay circuit 5 comprises delay 
elements 9-1 to 9-3, and a delayed signal 12 is taken out between 
the delay elements 9-1 to 9-3 and the variable delay circuit 5. 
Then, it is easy to get an internal clock signal as an operation 
signal which is controlled in phase slightly and strictly without 
depending the frequency. 
[Selected Drawing] Fig. 1 
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